
 Introduction 

 This book is intended for those in the general public who are interested in 

new advances in our understanding of how the brain works, as well as 

those who have a particular interest in autism, schizophrenia, or depres-

sion. One novel aspect of the book is its focus on the bidirectional cross 

talk between the brain and the immune system. These neuroimmune 

interactions are described as they occur in healthy people as well as in 

those with mental disorders. Another theme that runs through the book 

involves the interactions between the mother and her fetus. This is an 

important topic because maternal-fetal interactions are essential for the 

development of normal behavior in the offspring, and they are critical in 

the development of the behaviors and neuropathology that we call mental 

illness. The roles of immune cells and immune-related molecules are illu-

minated by way of information gleaned from a wide variety of animal and 

human studies. 

 I arrived at this book from several directions. First, my laboratory ’ s 

research accidentally veered into the interactions between the nervous and 

immune systems. For many years, we had worked on characterizing a 

protein that had the amazing ability to change the fate of developing 

neurons. That is, when the protein was added to those neurons, in cultures 

with cardiac muscle cells, the neurons went from being excitatory 

(speeding up the heartbeat) to inhibitory (slowing it down). When we 

obtained the sequence of the gene that codes for this interesting protein, 

we found its sequence to be identical to one recently obtained for a protein 

that had important effects on cells of the immune system. That the same 

protein could operate in both the nervous and immune systems suggested 

that it could mediate cross talk between the two systems. In fact, subse-

quent work has shown that this protein is indeed important in mediating 
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infl ammatory reactions within the brain. This line of investigation led our 

laboratory into the fi eld of what came to be known as neuroimmune 

interaction. It also helped lead to the identifi cation of an entire family of 

similar proteins that can mediate neuroimmune functions. 

 The second impetus for this book arose from lectures on mental 

illness that I gave while on the faculty at Harvard Medical School and later 

at the California Institute of Technology. I became particularly interested 

in schizophrenia, a complex but fascinating disorder, and was disappointed 

in the animal models that were available at the time. Knowing how effec-

tive the use of truly appropriate animal models can be in studies of disease, 

our laboratory set out to see if we could make a contribution in this area. 

Because work with animal models of mental illness was seen by some as 

 “ soft science, ”  and known as an extremely diffi cult area in which to make 

rapid progress, some of my colleagues attempted to discourage me from 

starting such a project. Nonetheless, I shared the opinion of a former 

president of the Society for Neuroscience, Huda Akil of the University of 

Michigan, that  “ studying the neurobiology of mental illness is not a luxury 

that neuroscientists can engage in after they have handled more accessible 

problems. ”  And I fi rmly believe, as do the writers of a recent editorial in 

the journal  Nature , that  “ there are many ways in which the understanding 

and treatment of conditions such as schizophrenia are ripe for a revolu-

tion. ”  In fact, such a revolution is currently under way. This is readily 

apparent from some of the new fi ndings summarized in this book. 

 The key point of entry for me was reading about the epidemiology work 

investigating possible causes of schizophrenia. The fact that many studies 

pointed to infections in pregnant women as a risk factor for schizophrenia 

in the offspring suggested a straightforward experiment in mice: could 

maternal infection lead to offspring with features of mental illness? The 

parallel question was, of course, could features of mental illness be observed 

in mice? We proceeded to show that the behaviors of the offspring of 

infected pregnant mice were consistent with some of the behaviors seen 

in schizophrenia, and this launched our laboratory into the study of how 

maternal infection infl uences fetal brain development. In this roundabout 

way, a second part of our group came to be working on neuroimmune 

interactions. 

 A third motive for this book came from the work of many investigators 

who are uncovering evidence of immune involvement in schizophrenia, 
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major depressive disorder, and autism. I believe that such work is not yet 

fully appreciated by the biomedical community, overshadowed as it is, in 

both publicity and funding, by genetic approaches to these diseases. More-

over, my experience in giving lectures for the general public has shown 

me that even laypersons with an active interest in biomedical science are 

generally unaware of the important connections between the mind and 

the immune system, and of the role in mental illness played by the 

immune-related molecules and cells described here. The book is intended 

for those readers. 

 My enthusiasm for this research, and for the book, was further propelled 

by an autism diagnosis in our nephew and by the compelling work of my 

wife, Carolyn Patterson, who very effectively teaches children with special 

needs, including many with autism. 

 In this short book I have chosen to combine these various threads in 

the following manner. Chapter 1,  “ Fever and Madness, ”  brings a historical 

perspective to immune manipulations in the treatment of mental illness, 

highlighting the frightening but fascinating experiments from the early 

days of the study of the mind-body connection. Chapter 2,  “ Brain-Immune 

Connections, Stress, and Depression, ”  describes how the immune system 

infl uences behavior and how the brain regulates the immune system. The 

ways in which this bidirectional cross talk infl uences stress and major 

depressive disorder are considered, and some of the molecules involved are 

introduced. Emphasis is given to fi ndings that neuroimmune interactions 

operate both when people and animals are healthy and during periods of 

disease or injury. 

 Because many aspects of mental illness have their origins in early fetal 

brain development, we also delve into relevant aspects of embryology. 

Chapter 3,  “ The Battleground of the Fetal-Maternal Environment, ”  con-

siders the role of immune cells and infl ammatory molecules in fetal devel-

opment, and the immunological paradox of pregnancy: why is the fetus 

not seen as foreign, and rejected by the maternal immune system? The 

possible role of hormones in the development of autism in utero is also 

considered. Chapter 4,  “ Prenatal Origins of Adult Health and Disease, ”  

explains the concept of fetal programming and how it can lead to adult 

disease. Newly discovered molecular mechanisms whereby mental traits 

can be passed down through generations are described. The next chapter, 

 “ Infections and Behavior, ”  examines a different infl uence on fetal brain 
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outcome — maternal infection. How can infection in the pregnant woman 

infl uence mood, behavior, and disease in the offspring? A variety of mater-

nal infections are discussed in the context of both schizophrenia and 

autism. The diffi cult question of how experiments on animals can tell 

us anything about disorders such as autism and schizophrenia is taken 

up in chapter 6,  “ Animal Models of Autism, Schizophrenia, and Depres-

sion? ”  Can the symptoms of these disorders really be assessed in rodents? 

We consider models of genetic and environmental risk factors for these 

disorders, along with the role of infl ammation and immune-related 

molecules. 

 The considerable body of evidence that the immune system is involved 

in mental disorders is the central topic of chapter 7,  “ Immune Involvement 

in Autism, Schizophrenia, and Depression. ”  The roles of antibodies, cyto-

kines, and even the gastrointestinal tract are considered. Since immune 

activation is highly relevant for these disorders, the next chapter,  “ Pre- and 

Postnatal Vaccination: Risks and Benefi ts, ”  takes on the hot topic of the 

risks and benefi ts of both pre- and postnatal vaccinations. Since much of 

the book considers the numerous ways in which things can go wrong and 

lead to mental illness, it is appropriate to end with chapter 9,  “ Reasons for 

Optimism, ”  which describes recent experiments indicating that both early 

postnatal and adult interventions can lead to positive outcomes. In par-

ticular, evidence from animal models is leading to a number of promising 

clinical trials for treatment of neurodevelopmental disorders. 

 For questions for the author and updates on the various topics covered 

in the book since its publication, please check the book ’ s website: http://

mitpress.mit.edu/infectiousbehavior. 


